The breakdown of the Bretton Woods system of fixed exchange rates spurred the development of trade-weighted exchange rates (TWEXs). These indexes measure changes in the average foreign exchange value of a currency over time. The construction of a TWEX index requires numerous decisions. Producers of TWEXs are revisiting many of their construction decisions because, with the advent of the single currency in Europe, all TWEXs will have to be modified. In addition, countries adopting the single currency may find it useful to develop their own TWEXs, similar to those that exist for regions within the United States. All commonlyused TWEXs are based on either a Laspeyres or Paasche price index. In the present paper we argue that producers of TWEXs should consider using the chain approach for the construction of their indexes because of an issue that affects TWEXs based on either Laspeyres or Paasche price indexes the choice of base period. We illustrate this problem and show how it leads to different measures of exchange rate changes. A chain index, which links together the exchange rates and trade weights from year-to-year, eliminates the need for a base period. 
INTRODUCTION
The breakdown of the Bretton Woods system of fixed exchange rates spurred the development of trade-weighted exchange rates (TWEXs). 1 These indexes measure changes in the average foreign exchange value of a currency over time. Such changes are frequently used to infer how the international competitiveness of a country's production has changed. TWEXs, often expressed in real terms, are also used in studies analyzing the effect of exchange rate changes on a country's trade balance. The persistence of trade imbalances in a flexible exchange-rate environment led to a further use of TWEX indexes: to study the effect of exchange rate changes on traded-goods prices. 2 Finally, since exchange rate changes stimulate changes in production, consumption, and trade, TWEXs are used in forecasting and simulation models.
The construction of a TWEX index requires numerous decisions. Because many ofthe decisions have more than one defensible alternative, more than one TWEX may be constructed for a particular country or region. For example, a recent paper by Coughlin and Pollard (1996) See Hirsch and Higgins (1970) fora seminal discussion ofthe construction ofa TWEX. 2 See Antzoulatos and Yang (1996) fora recent pass-through study and Menon(1995) fora literature survey.
Producers of TWEXs are revisiting many of their construction decisions because, with the advent ofthe single currency in Europe, all TWEXs will have to be modified. In addition, countries adopting the single currency may find it useful to develop their own TWEXs, similar to those that exist for regions within the United States.
All commonly-used TWEXs are based on either a Laspeyres or Paasche price index. In the present paper we argue that producers ofTWEXs should consider using the chain approach for the construction of their indexes. Our argument for using the chain approach focuses on an issue that affects TWEXs based on either Laspeyres or Paasche price indexes -the choice of base period.
Two interrelated base period decisions are relevant, First, a decision is required as to the base period for the trade weights. Analogous to measuring the growth of gross domestic product by a fixed-base-year method, a major concern with fixed trade weights is that over time the weights are less likely to reflect the prevailing pattern of trade. For example, as U.S. trade patterns shift, fixed trade weights may cause a biased picture of changes in the foreign exchange value ofthe dollar. On the other hand, if the base period for trade weights is altered, the economic history described by the index is likely to change. An annual updating of the trade weights solves this problem, but does noteliminate the problem associated with the second base period decision.
This second base period decision occurs because, in all TWEXs, changes in the bilateral exchange rates are calculated relative to exchange rates in a reference period.
Ideally this reference period should reflect a period of long-run equilibrium in the exchange rates. Given the difficulty of finding such a period, particularly when a large number of currencies are included, the reference period is often chosen because it marks some important event in exchange rate history. 3 For a TWEX with annually updated trade weights, altering the reference period for the exchange rate changes the economic history described by the TWEX.
In the next section we provide an overview of constructing a TWEX. In section IIIwe highlight some recent developments involving regional TWEXs in the United States, as well as the likely implications for constructing TWEXs for European Union countries adopting the euro. In section IV we illustrate the base problem and show how this problem leads to different measures of exchange rate changes. In section V we discuss the chain approach and how it can be implemented. A statement of the major implication of our analysis completes the paper.
OVERVIEW OF CONSTRUCTING A TWEX
Constructing a real TWEX requires the following seven decisions: 1) which method to use to calculate the average; 2) which foreign currencies to use in the calculation; 3) which price index to use in converting nominal into real exchange rates; 4) which measure oftrade to use to weight the individual currencies; 5) how to calculate the weights for individual currencies; 6) which base period to use for calculating the weights; and 7) which base period to use for calculating exchange rate changes. Of these seven decisions, there is general agreement only on the choice ofthe method to calculate the average. Because of the bias inherent in an index based on arithmetic averaging, all TWEXs use a geometric averaging technique. Thus, the generic formula for the value of a nominal TWEX index for the U.S. dollar at time 1 using n foreign currencies is:
where b is the base period forthe exchange rates, e is the number of units of currency i per dollar, and w is the weight assigned to currency i. Similarly, the generic formula for constructing a real TWEX index for the U.S. dollar is:
where p'" is a price index forthe United States and p is a price index for country i.
The remaining decisions have more than one defensible alternative. Ideally, a dollar TWEX should include the currencies of each of the United States' trading partners.
In practice, most indexes use data on the dollar's value relative to the currencies of between 10 and 20 countries, generally concentrating on the principal industrial countries. Two major exceptions are the "broad index" produced by J.P. Morgan, which includes 44 foreign currencies, and the indexes produced by the Federal Reserve Bank of Dallas, which include the currencies of 129 countries in its nominal index and 111 currencies in its real index.
To construct a real TWEX, nominal exchange rates are adjusted for relative inflation rates. A producer price index is generally preferred to a consumer price index as the measure of inflation because the latter includes a much larger percentage of nontradeable goods and services. Consumer price indexes are often used, however, because ofthe limited availability of producer price indexes.
Once the choice of which currencies to include in the index is made, weights must be assigned to the currencies. Since these exchange rate indexes are weighted by trade flows, an issue is which measure oftrade to use. Because of data availability, most indexes are constructed using merchandise trade and do not include service trade, which has increased rapidly in recent years. The indexes produced by J.P. Morgan and the International Monetary Fund are more exclusive, using only trade in manufactures.
A closely related issue involves the selection of the weighting scheme. Ideally, the weights should reflect the responsiveness of a country's trade flows to changes in exchange rates; however, model-based attempts to construct weights have proven to be unreliable and have been, at least temporarily, abandoned. Many other methods remain in use. Three of these methods bilateral, multilateral, and double weights. With bilateral weighting, each country's currency is weighted by its level oftotal trade flows to and from the United States, relativeto the total trade flows between the United States and all the countries included in the index. Thus, the weight for currency i is simply the sum of U.S. exports to and imports from country i, divided by the sum of U.S. exports to and imports from all the countries included in the index. With multilateral weighting, the currency of each country is weighted by the proportion of its share oftotal trade flows throughout the entire world. Thus, the weight ofcurrency i is the sum of the associated country's worldwide exports and imports divided by the sum ofthe worldwide exports and imports of all the countries included in the index.
The multilateral weighting approach attempts to capture the competition between two countries in countries outside oftheir domestic markets; however, this approach might give too much weight to nations that trade more extensively with each other than with the United States. For example, European Union countries that trade extensively with each other might receive higher-than-warranted weights in the construction of a U.S. dollar index, while Canada, the largest U.S. trading partner, might receive a lower-than- See Turner and Van 't dack (1993) for a general analysis ofthe double weighting method. In a real exchange rateindex the changes in relative inflation rates are calculated using the same base period as the exchange rate. 6 The currencies are the same as those used in the J.P. Morgan "broad" index.
'
The lack ofimport data at the regional level means that the index is an "export-only" bilateral index. 
European TWEXs in a Single Currency Europe
In the near future, at least eleven of theEuropean Union countries will have a common monetary authority and currency. The yen/euro exchange rate will be the same in Portugal as in Germany. Nevertheless, the effects on each country of a change in the value of the yen relative to the euro will depend in part on the trade ties of each with Japan. A euro TWEX that depends on the trading patterns of all the single currency countries will provide information on exchange rate changes relevant for the single currency area as a whole. The extent to which such a TWEX is a useful indicator for an individual country depends on the extent to which that country's trade patterns mimic those of the single currency area as a whole. Differences in industrial mix across these countries, proximity to foreign markets, and ties with former colonies all affect the trading patterns of individual European Union countries. The examples in this section can be found, with additional detail, in Coughlin et al. (1998) . 10 For simplicity, we focus on a nominal TWEX index, although the problems are the same in a real index.
All percentage changes in this example are calculated using log changes. To calculate the change over time, suchas between years 1 and 7, add the year-over-year changes foryears 2 through 7. base weights, the foreign exchange value ofcurrency A is 24 percent lower in year 14 than in year 1.
An important difference between TWEXs based on a Laspeyres formula and a
Paasche formula is that in the Paasche-based index the weights vary from year to year.' 2 Thus, the value of a Paasche-based index in year I depends on the weights assigned to each currency in year I.
This weighting method eliminates the rewriting of economic history caused by updating the trade weights in a Laspeyres-based index. Before concluding that the Paasche index is the better method for calculating a TWEX, however, we need to consider the choice of the reference base forthe bilateral exchange rates.
TWEXs based on either a Laspeyres or a Paasche index require a base period for the bilateral exchange rates. With a Laspeyres index the choice of a reference base period for the exchange rates does not affect the behavior of the index, but the behavior of the Paasche index is sensitive to this choice. These results can be illustrated using the data in table 4. Two Laspeyres and two Paasche indexes are constructed from these data.
Both Laspeyres indexes use the tradeweights from year 1 (.60, .40), while both Paasche indexes use trade weights that are updated annually. For the illustration, Laspeyres and Paasche indexes are constructed first using the bilateral exchange rates in year 2 as the reference exchange rates. Next, the indexes are recalculated using the bilateral exchange rates in year 12 as the reference exchange rates. Table 6 shows the value of the indexes in each year and their year-to-year percent changes.
First, consider the two Laspeyres indexes. The level of the two indexes in any year differs. However, the index based on the year 2 exchange rates can be rescaled by dividing the value of the index in each year by the value of the index in year 12 and then multiplying by 100. Rescaling in this way creates an index identical to the index based on the year 12 exchange rates. This ability to transform the reference base for the index explains why the year-to-year percent changes in the two Laspeyres indexes are identical.
Next, consider the two Paasche indexes. In this case neither the levels nor the year-to-year changes in the indexes are identical. Both Paasche indexes display a roughly similar pattern over time: currency A appreciates between years 1 and 7 and depreciates between years 7 and 14. However, the magnitudes of the movements in the indexes differ. The index using year 2 as the reference base shows currency A appreciating 51 percent through year 7, while using year 12 as a reference base the appreciation is 30 percent. Between years 7 and 14 the former index shows currency A depreciating 82 percent, while the latter index shows it depreciating only 20 percent. Overthe entire period, the effective value of currency A declines 31 percent when calculated using year 2 as the reference base, but rises 10 percent when calculated using year 12 as the reference base. Table 9 contains the simple correlations between each regional TWEX using 1987 tradeweights and the corresponding regional TWEX using 1994 trade weights. The. correlation for the national TWEXs based on both years is also computed. These TWEXs are highly correlated, but for empirical purposes a high correlation is not enough to indicate that the indexes can be viewed as identical. As indicated by an augmented Dickey-Fuller test, none of the regional or national TWEXs are stationary in levels; however, each TWEX is stationary in first-differences. Given the stationarity results, a Johansen test of cointegration was performed. The results, presented in table 10, reveal that not one of the regional indexes is cointegrated. Only the national index is cointegrated. Thus, the use of different weights produces different indexes for a particular region.
A final result, presented in table 11, explores the interchangeability of the indexes using orthogonal least squares. Orthogonal least squares allows an assessment of difference preservation, which requires that two series differ by no more than a constant over time. Slope estimates "close" to one indicate that one TWEX series can be reliably used in lieu ofthe other series. A chi-square statistic is used for conducting the relevant hypothesis test that the slope is equal to one. Generally speaking, this hypothesis is The most appropriate weights for a TWEX are unknown, but a solution is to combine the two by taking their geometric average, constructing what is known as a Fisher chain. The formula for a real TWEX using a Fisher chain approach is:
Implementation Issues
The calculation of a chain TWEX at the national level in the United States is not difficult. Coughlin et al. (1998) have already shown that this can be done. In fact, the staff ofthe Board of Governors ofthe Federal Reserve System is planning to unveil a set ofchain-weighted TWEXs before the end of 1998. Problems arise, however, in implementing a chain solution at the regional level in the United States. The reason is that timely export statistics at the state level did not exist until recently. Consequently, the chain solution can be used to generate TWEXs for a short timespan, but it cannot be used to reconstruct the completetime series that Hervey and Strauss (1998) and Clark et a!. (forthcoming) have generated.
Turning to the European Union, the availability of trade data for European Union countries will likely not be a problem. As long as these countries continue to collect trade data at the national level, constructing TWEXs similar to the regional TWEXs in the United States will be possible. Relative to currently constructed TWEXs for U. S.
regions, an attractive characteristic is that such TWEXs would likely be constructed using price indexes conforming to the geographic area ofthe TWEX. This is not possible for TWEXs for U.S. regions because price indexes do not exist that match the regions covered by these TWEXs.
VI. CONCLUSION
A recent development in regional economic analysis in the United States has been the construction of regional TWEXs. These indexes are potentially valuable for examining and forecasting how international activity has affected and is likely to affect regional economic activity. In the near future such indexes will likely be developed for European nations adopting the euro. Our message is straightforward. Due to the base problem associated with TWEXs based on either Laspeyres or Paasche indexes, producers of TWEXs should give serious consideration to using a chain approach. Percentchanges are calculated on a logarithmic basis from the preceding to the current year. 
